An enzootic focus of vesicular stomatitis virus New Jersey serotype (VSV-NJ) exists on Ossabaw Island, Georgia. Many questions regarding the epizootiology of this virus at this focus still exist, but evidence suggests that the vector for this virus is a phlebotomine sand fly (Lutzomyia shannoni), with feral swine serving as a potential source of virus for the sand fly and for other swine via contact transmission. We conducted 2 experimental trials in domestic swine using VSV-NJ isolated from a sand fly from Ossabaw Island to determine if route of inoculation or immunosuppression via steroid administration affected the development of disease, viremia, viral shedding, or the neutralizing antibody response. In a third trial, we studied the potential for contact transmission among swine using this isolate. Virus isolations were made from nasal cavity or palatine tonsil of the soft palate, and VSV-NJ neutralizing antibodies developed when pigs were inoculated intradermally in the apex of the snout, ear, or coronary band, intravenously, intranasally, or via scarification of the apex of the snout or coronary band. Vesicles developed only in pigs inoculated in the apex of the snout or coronary band, and these vesicles were at the site of inoculation. Steroid treatment did not potentiate the development of secondary vesicles and did not prolong the period of virus shedding from VSV-NJ-infected swine. Contact transmission, as determined by shedding of virus from the tonsil of the soft palate and the development of VSV-NJ neutralizing antibodies, occurred in pigs in contact with animals inoculated in the apex of the snout but not in contact animals exposed to pigs inoculated intradermally in the coronary band or intranasally. These trials show that contact transmission can occur and VSV-NJ can be shed without the development of clinical disease (i.e., vesicle formation). Viremia was never detected in any of the experimental pigs, suggesting that swine may not be a good amplifying host for VSV-NJ.
Vesicular stomatitis is a disease of cattle, horses, and swine caused by related viruses in the genus Vesiculovirus of the family Rhabdoviridae. An enzootic focus of vesicular stomatitis virus (VSV) New Jersey serotype (NJ) exists on Ossabaw Island, Georgia, and evidence suggests that the vector for this virus is a phlebotomine sand fly (Lutzomyia shannoni). This hypothesis is supported by field isolation of VSV-N J from sand flies 5 and through demonstration of viral replication, bite transmission, and transovarial transmission in experimentally infected sand flies. 4 Numerous questions, however, remain concerning the epidemiology of this virus, especially with regard to the pathogenesis of VSV-NJ in potential amplifying vertebrate hosts. On Ossabaw Island, vesicular lesions have only been detected in feral swine, and VW-NJ has been consistently isolated from vesicles and from tonsil and nasal swabs collected from this species. The significance of these infections in feral swine as related to the epizootiology of this virus currently is unknown, but swine may represent a potential source of virus to the sand fly vector and to other swine through direct animal-to-animal transmission. 14 Domestic swine have been infected with this Ossabaw strain of VSV-NJ 2 and may serve as a model to better understand the pathogenesis and epidemiology of this virus. To utilize domestic swine as a model, however, the experimentally induced disease must mimic the natural situation. Variations in response resulting from different routes of inoculation have not been adequately evaluated, but inoculation route could affect the outcome of disease, development of viremia, and viral shedding. This possibility is especially important because infection may result from either vector or contact transmission. In addition, feral pigs may be immunosuppressed as the result of food shortages, overpopulation, and parasites, altering the course of VSV-NJ infection. Because the potential effects of these variables are currently unknown, we conducted 2 experimental trials to determine the effect of 1) route of inoculation and 2) immunosuppression via steroid administration on the development of disease, viremia, viral shedding, and the neutralizing antibody response. In addition, a third trial was conducted to test for the potential of VSV-N J contact transmission among swine.
Materials and methods

Virus inoculum
The VSV-NJ isolate used was derived from a 1991 sand fly isolate from Ossabaw Island and had been passaged 3 times in Vero cells. The same viral inoculum was used for all 3 trials and had been stored in aliquots at -70 C until use. The viral titer for the thawed aliquots, as determined by end point titration in Vero cells, was 1 x 10 8.1 median tissue culture infective doses (TCID 50 )/ml.
Experimental design
Trial 1: Effects of route of inoculation. Twenty-four commercially available crossbred pigs ranging from 9.9 to 14.5 kg body weight were housed in groups of 3. Each group received 0.1 ml of inoculum (1 x 10 7.1 TCID 50 VSV-NJ) by a different route of inoculation: instillation in the right nostril, intradermal inoculation in the ear, intradermal inoculation in the ear over a hypersensitivity reaction induced by phytohemagglutinin" (PHA), intradermal inoculation into the apex of the snout, intradermal inoculation into the lateral aspect of the coronary band of the right forefoot, scarification of the apex of the snout, scarification of the lateral aspect of the coronary band of the right rear foot, and intravenous inoculation via an ear vein. The PHA hypersensitivity reaction was produced by intradermal inoculation of 100 µg of PHA at a single site on the dorsal aspect of each ear 48 hr before virus inoculation (the PHA sites were swollen by 24 hr); virus was inoculated intradermally over the PHA site on the right ear. On postinoculation day (PID) 7, 100 µg of PHA was injected intradermally at the virus inoculation site. Scarification of the snout and coronary band was achieved by disrupting the epidermis 10 times with a dual-needle vaccine applicator b and smearing the viral inoculum over the scarified site. Intravenous inoculations were done using a 25-g butterfly catheter; sterile Dulbecco's phosphate-buffered saline (DPBS) a was used to flush the inoculum from the catheter. Animals were tranquilized with an intramuscular injection of 20 mg/kg ketamine and 2 mg/kg xylazine for inoculations. Animals were examined daily for clinical signs. Blood was collected in heparin for virus isolation and serology on PID 1-6 and 8. Swabs of the tonsil of the soft palate and the left nasal cavity were collected in 1 ml of transport medium consisting of minimal essential medium (MEM) a with antibiotics (1,000 units penicillin G, a 1 mg streptomycin a 0.25 µg amphotericin B/ml a ) and 20% fetal calf serum. Animals were euthanized on PID 8 by an overdose of pentobarbital, a necropsy was performed, and tissues were collected for virology and histopathology. Tissues for virus isolation were collected in 1 ml of transport medium and included ventral superficial cervical, lateral retropharyngeal, and parotid lymph nodes from the side of inoculation; tonsil; heart; skin from the apex of the snout, ear, and coronary band from the general area of virus inoculation; and brain. Superficial inguinal lymph node from the side of inoculation was also collected from pigs receiving virus by scarification of the snout or coronary band, intravenous injection, or intradermal inoculation over a PHA hypersensitivity reaction. Coronary band skin was collected from the lateral aspect of the right rear foot in these groups but from the lateral aspect of the right front foot in the remaining groups. Skin samples from the snout, coronary band, and ear were harvested from the approximate site of inoculation. Tissues for histopathology and immunohistochemistry were collected in 10% buffered formalin and included skin (multiple locations, including sites of inoculation), lymph nodes from the side of inoculation (ventral superficial cervical, parotid, mandibular, and lateral retropharyngeal and superficial inguinal), tonsil, heart, brain, liver, kidney, lung, tongue, and right nasal mucosa.
Trial 2: Effects of immunosuppression via steroid treatment. Eight commercially available crossbred pigs ranging from 6.4 to 8.6 kg body weight were used. Four pigs (nos. 2, 3, 4, 5) received 2 mg/kg dexamethasone c per os daily; 4 pigs (nos. 1, 6, 7, 8) were left untreated. After 5 days of steroid treatment, 3 animals in each group were infected with 0.1 ml of virus inoculum (1 x 10 6.4 TCID 50 VSV-NJ) via intradermal injection in the apex of the snout. One animal from each group was housed separately to serve as a noninfected control and was sham inoculated with DPBS. Animals were examined daily for clinical signs. Blood was collected in heparin for virus isolation and in ethylenediaminetetraacetic acid for a total white blood cell count and differential on PID 0, 5, 8, 12, 16, and 20. Swabs of the tonsil of the soft palate were collected daily in 1 ml of transport medium consisting of tryptose broth with antibiotics (1,000 units penicillin G, 1 mg streptomycin, 0.25 µg amphotericin B/ml) for virus isolation. One animal from each VSV-NJ-inoculated group was euthanized on PID 12, 16, and 20; controls were euthanized on PID 20. A complete necropsy was performed, and tissues were taken for histopathology and virus isolation. Tissues for histopathology were collected in 10% buffered formalin and included skin (multiple locations, including site of inoculation), lymph node (superficial cervical, parotid, mandibular, and medial retropharyngeal), tonsil, heart, brain, liver, kidney, lung, urinary bladder, small intestine, adrenal, pancreas, and nasal mucosa. Tissues for virus isolation were collected in 1 ml of tryptose broth transport medium and included superficial cervical, parotid, mandibular, and retropharyngeal lymph nodes; spleen; skin from the apex of the snout (approximate area of inoculation) and coronary band; tonsil; heart; and brain.
Trial 3: Contact transmission. Twelve commercially available crossbred pigs ranging from 10.0 to 14.5 kg body weight were housed in 3 groups of 4. Two pigs in each group received 0.1 ml of viral inoculum (1 x 10 7.1 TCID 50 VSV-NJ) by intradermal inoculation of the apex of the snout, intradermal inoculation of the coronary band of the lateral aspect of the right rear lateral claw, or instillation into the left nasal cavity. The other 2 pigs in each group were contact controls. For inoculation, pigs were tranquilized with an intramuscular injection of 20 mg/kg ketamine and 2 mg/kg xylazine. Animals were observed daily for clinical signs. Blood was collected in heparin on PID 1-12, 14, and 18 for virus isolation and serologic tests. Swabs of the tonsil of the soft palate and the left nasal cavity were collected in 1 ml of MEM transport medium. Inoculated pigs were euthanized on PID 9, and contact controls were euthanized on PID 18; complete necropsies were preformed on all animals. At necropsy, tonsil was collected in 1 ml of MEM transport medium for virus isolation. Skin from the apex of the snout and right was calculated as follows: mean CPM of stimulated cultures rear coronary band, corresponding to the area of inoculation, minus mean CPM of unstimulated cultures. For comparative skin from immediately behind apex of snout, any skin le-purposes, ACPM for each day was converted by dividing sions, tonsil, and nasal mucosa were collected in 10% buffered ACPM by the ACPM on day 0; this value is referred to here formalin for histopathology and immunohistochemistry.
as the converted ACPM.
Virus isolation and serology
Results
All virus isolations were done on the day of sample collection. Tonsil and nasal swabs were vortexed and centrifuged at 1,500 x g for 15 min prior to inoculation on Vero cells. In the route of inoculation and contact transmission trials, unwashed whole blood samples were diluted 15 in DPBS and sonicated. In the steroid trial, plasma was removed from the blood, and blood cells were washed 3 times in DPBS. Washed cells were diluted 1:10 in MEM and sonicated. Prepared swab, blood, and tissue samples were inoculated (100 µl) into individual wells of a 24-well tissue culture plate containing a confluent monolayer of Vero cells and allowed to absorb for 1 hr at 37 C. Monolayers were then washed with DPBS, and 2 ml of MEM supplemented with 3% heat-inactivated fetal bovine serum, 2 mM L-glutamine, and antibiotics (100 units penicillin, 0.1 mg streptomycin, and 0.25 µg amphotericin B/ml) was added. Virus isolation attempts were considered negative if no cytopathic effect was apparent after 72 hr. All viral isolates were identified as VSV-NJ by an indirect fluorescent antibody technique using hyperimmune mouse ascites fluid as previously described. 2 Serologic testing was done by virus neutralization test as previously described. 14
Routes of inoculation trial
Serologic results, virus isolation results, and lesion development for the inoculation routes trial are presented in Table 1 . All but 3 animals seroconverted to VSV-NJ between PID 3 and PID 6; 1 each inoculated intranasally, intravenously, and via snout scarification failed to seroconvert by PID 8. Virus was isolated from swabs taken from the tonsil of the soft palate or nasal cavity from at least 1 pig in all groups. Most of these isolations were from tonsil swabs. Virus was isolated from nasal cavity of only 3 pigs (nos. 4505, 4402, 4503) . These 3 pigs also had current or previous virus isolations from tonsil. Virus was never isolated from whole blood. Virus isolations were made from PID 2 to PID 8, with peak viral shedding occurring on PID 3 and PID 4. Virus was isolated from tissues taken at necropsy in only 1 instance, from the tonsil of pig 4416; virus was also isolated from a swab of the tonsil taken antemortem on the same day.
Histopathology and immunohistopathology
Tissues were embedded in paraffin within 48 hr of fixation. Sections were cut at 5 µm and stained with hematoxylin and eosin for routine histopathology. An alkaline phosphataseconjugated streptavidin-biotin technique was used for immunohistochemistry d Sections were cut at 5 µm, deparaffinized, blocked with 0.05% casein for 5 min, and flooded with a 1:1,500 dilution of anti-VSV-NJ hyperimmune mouse ascites fluid. After 1 hr incubation at room temperature, sections were washed, and the biotinylated anti-immunoglobulin multilink and alkaline phosphatase-conjugated streptavidin label were sequentially added. Fast red was used as the substrate. d Lesions only developed in the pigs receiving virus in the apex of the snout or at the coronary band by either intradermal inoculation or scarification. In these pigs, vesicles or crusting and sloughing of the skin developed at the inoculation site at PID 2-5. One pig (no. 4415) inoculated by snout scarification on PID 3 had a primary vesicle at the site of inoculation and on PID 8 had a second 2-cm-diameter vesicle dorsal to the left nostril in spite of the presence of neutralizing antibodies.
Lymphoblastogenesis assays
Peripheral blood mononuclear cells collected during the steroid trial were isolated on a Histopaque 1077 a gradient. Heparinized blood was centrifuged at 200 x g, and plateletrich plasma was removed. Blood was resuspended to original volume with DPBS and layered over an equal volume of histopaque 1077. After spinning at 1,000 x g for 45 min, the interface was removed and the cells were washed 2 times with DPBS. Washed cells were seeded in 96-well plates at 2.5 x 10 5 cells/well. For each pig, 3 wells were stimulated with 10 µg/ml concanavalin A and 3 wells were left unstimulated. After 72 hr of incubation at 37 C, 1 µCi/well of 3 Hthymidine e was added to each well. Cells were then harvested and counted on a liquid scintillation counter after 18 hr of incubation at 37 C. Change in counts per minute (ACPM) During necropsy, vesicular lesions grossly appeared to be healed except in 1 pig (no. 4415). In this pig, the original vesicle was not completely healed and was surrounded by several small vesicles, and there was a secondary vesicle adjacent to 1 nostril; virus isolation was not attempted from any of these vesicles. All 6 pigs receiving the inoculum at the coronary band and 1 pig in each group receiving the inoculum in the apex of the snout (nos. 4402, 4415) had residual microscopic evidence of virus replication at the site of inoculation. Residual changes consisted of epidermal hyperplasia, ulceration, serocellular crusting, and mononuclear cell perivascular cuffing in the dermis. Coronary band lesions from 2 of the pigs had residual viral antigen at the inoculation site, as determined by immunohistochemistry. Microscopically, the lesion around the nostril of pig 4415 was a vesicle filled with seropurulent fluid; viral antigen was present, as determined by immunohistochemistry. In addition, in this pig, there was a small intradermal pustule surrounded by viral an- Table 2 . Two pigs from both steroid-treated and untigen-positive epidermal cells in the skin from the apex treated groups developed a vesicle near the site of inof the snout where the primary vesicle formed. oculation on the snout. Swelling of the coronary bands Steroid trial of all feet developed in 1 pig from each infected group (nos. 4, 8) on PID 4; vesicles did not form. All steroid-Lesion development, virus isolation results, and se-treated pigs developed pendulous abdomens, a charrologic results for the steroid trial are presented in acteristic of hypercorticism. A rise in VSV-NJ-neu- Table 2 . Virus neutralizing antibody titers, virus isolation results, and lesion development* in pigs treated with steroids and infected with VSV-NJ.
* Numbers are reciprocal virus neutralization titers; VI T = virus isolation from tonsil swab; L = vesicular lesion. † NS = pigs did not receive steroid; C = uninfected controls; S = pigs received 2 mg/kg dexamethasone per os daily beginning 5 days prior to start of experiment; I = pigs received 10 6.4 TCID 50 VSV-NJ intradermally in the apex of the snout. tralizing antibody titers was observed in all swine by PID 5 (Table 2) . Virus was isolated from tonsil swabs of the VSV-NJ-infected steroid-treated pigs only.
In the lymphoblastogenesis assay, the daily mean ACPM for each VSV-NJ-infected pig ranged from the steroid-treated group and from 28,924.87 to group. The daily ACPM for the steroid-treated uninfected controls ranged from 9639.14 to 81,446.03 = 49,221.20, all days) and for the nontreated uninfected controls ranged from 5,989.02 to 60,432.07 = 32,225.90, all days). The mean ACPM and mean converted ACPM were increased for both the steroidtreated and nontreated VSV-NJ-inoculated groups on PID 1 and thereafter returned to baseline for both groups. The ACPM and converted ACPM were not increased in either control pig on PID 1.
There were no definable trends in the total or differential white blood cell counts in any of the pigs. None of the steroid-treated pigs developed changes (mature neutrophilia, lymphopenia, monocytosis) often associated with corticosteroid administration.
At necropsy, all vesicles appeared healed and all steroid-treated pigs had severe atrophy of lymph nodes and tonsil. Pig 4 had microscopic evidence of a healing vesicle on the apex of the snout. There was a marked reduction in lymphoid tissue, particularly the follicles, in tonsil, lymph node, and spleen of steroid-treated pigs when these tissues were compared with those of nontreated pigs. The adrenal cortices of steroid-treated pigs were atrophied; they were about half the width of the cortices from the nontreated pigs.
Contact trial
Serologic results, virus isolation results, and lesion development in the contact trial are given in Table 3 . Pigs inoculated in the apex of the snout and coronary band seroconverted by PID 5 or PID 6. One animal given the inoculum intranasally seroconverted on PID 7. Only 1 contact animal, which was housed with the pigs inoculated in the apex of the snout, seroconverted; seroconversion occurred on PID 14. Virus was isolated from the 2 pigs inoculated in the snout and from their contact, controls and from 1 pig inoculated in the coronary band. These isolates were all from tonsillar swabs, except for contact pig 4599, where the isolate was from a nasal swab. Virus was not isolated from blood.
Vesicles formed at the site of inoculation at PID 1-2 in pigs inoculated in the snout and coronary bands. Possible secondary vesicles were seen in 2 pigs at necropsy. Pig 4593 had a 4-mm-diameter crusted lesion midway between the snout and eye. Microscopically, this lesion was characterized by a thin layer of necrotic epidermis covering a superficial intraepithelial pocket of necrotic inflammatory cells; the lesion was negative for viral antigen, as determined by immunohistochemistry. Pig 4600 had a 2-cm-diameter crusted skin lesion in the region of the right flank that microscopically was an ulcer covered by serocellular exudate and had granulation tissue lining its base. This lesion may have been a ruptured, healing vesicle, but it was negative for viral antigen, as determined by immunohistochemistry. Although lesions at the site of snout and coronary band inoculation appeared grossly to be healed, residual evidence of a vesicle was observed microscopically in 3 of the pigs (nos. 4598, 4593, 4594) ; there was no evidence of residual virus antigen in these lesions, as determined by immunohistochemistry.
Discussion
Pigs inoculated by all routes with this sandfly isolate of VSV-NJ seroconverted to VSV-NJ and shed virus. Viral shedding was primarily associated with the tonsil of the soft palate, regardless of route of inoculation. Lesion development, however, was confined to pigs inoculated in the apex of the snout or coronary band. Failure to develop vesicles following intravenous inoculation was unusual because in previous studies pigs developed vesicles following intravenous inoculation of an equine isolate of VSV (serotype undefined), 11 the Wisconsin strain of VSV-NJ, 1 and a swine isolate of VSV-NJ. 12 Inoculation via scarification, which is probably closest to a natural contact infection where virus might be picked up through an abrasion on the snout, resulted in the most variability in serologic response, virus isolation, and lesion development, all of which were generally delayed. This variability probably is the result of the inability to control viral dose for the scarification routes.
By injecting PHA intradermally into a group of pigs, we were hoping to create a localized inflammatory reaction that would simulate that seen with multiple insect bites. VSV-NJ can replicate in vitro in PHA-stimulated murine lymphocytes. 16 However, when virus was inoculated into a PHA-stimulated area, the disease was similar to that seen with other inoculation methods. In addition, virus was not isolated from the site of PHA injection.
With the exception of a single virus isolation from tonsillar swab collected at necropsy, virus was never isolated from tissue samples, even from grossly healed vesicles. Immunohistochemical findings in our studies, however, indicated that grossly healed vesicular lesions can contain VSV-NJ antigen. Thus, apparently healed vesicular lesions could be a source of virus via feeding or cannibalism of grossly normal carcasses. Oral transmission via infected meat scraps in feed has been shown in swine experimentally. 12 In the steroid trial, 5 of 6 VSV-NJ-infected pies de-veloped signs of viral replication (vesicles or swelling) at or near the site of inoculation; infection was confirmed in all animals by the development of virusneutralizing antibody titers. Steroid treatment in this study did not potentiate the development of secondary lesions or prolong the period of virus shedding from VSV-NJ-infected pigs. Although the humoral response was intact and there was no evidence that the steroid treatment depressed cell-mediated immunity, as measured nonspecifically by the lymphoblastogenesis test, atrophy of lymphoid tissue in the steroid-treated animals indicated that the steroid administration did have a systemic effect.
Contact transmission was only detected in pigs that were in contact with pigs inoculated in the apex of the snout, where large vesicles developed. Although vesicles formed at the site of inoculation in animals inoculated in the coronary band, they were never as large as those on the snout, and contact transmission was not detected in this group. This variability in contact transmission may result from variation in the availability of virus to contact pigs; viral titers of 1 x 108.9 TCID 50 /ml have been reported for vesicular fluid. 2 Virus shedding way prolonged in the tonsil of 1 contact animal prior to seroconversion. This animal showed no clinical signs of infection despite shedding virus via the tonsil for 7 consecutive days. Such cases of subclinical infections with viral shedding, as seen in this pig and many others in this study, have many implications in the control of this disease in livestock populations. Animal movement has been implicated in the spread of this disease between premises during VSV-NJ outbreaks in the USA. 7.8 These results suggests that VSV-NJ control strategies based on clinical observations alone may not be adequate in detecting infection in individual animals or in livestock herds.
If VSV-NJ is truly maintained in a vector/vertebrate host cycle, as has been suggested on Ossabaw Island with L. shannoni and feral pigs, 14 viremia should occur.
However, despite numerous attempts, virus was never isolated from blood from pigs tested in this study. This observation is consistent with results from our previous domestic swine infections, 2 results from naturally infected swine on Ossabaw Island, 14 and results from L. shannoni feeding trials on VSV-NJ-infected pigs. 3
The failure to demonstrate viremia in this vertebrate host does not disprove the hypothesis that VSV-NJ is maintained in a vector/vertebrate cycle. However, the failure to demonstrate viremia in a vertebrate host remains as a major obstacle in proving this hypothesis. 9 imal Health and Disease Formula Program (Section 1433), US Department of Agriculture. We thank Judy Maddox for technical assistance. 
